Generations of Japanese have appreciated the positive effects that sake can have on skin conditions, and studies have shown that concentrated sake suppressed the epidermal barrier disruption caused by ultraviolet B (UVB) irradiation. We investigated the effect of a topical application of a sake concentrate on the murine epidermis and found that the intercellular lipid content in an aged epidermis was significantly increased. Furthermore, the topical application of ethyl -D-glucoside (-EG), a component of sake, brought about a similar improvement in the levels of intercellular lipids. Following on from this, we confirmed that -EG also significantly increased the content of loricrin protein, an indicator of successful corneocyte differentiation, while reducing the number of corneocyte layers in the aged stratum corneum. These results confirmed -EG as the primary active component of the sake concentrate that had a positive effect on the epidermis. -EG increased the intercellular lipid content, accelerated the differentiation of corneocytes, and reduced the thickness, thus improving the functions of the stratum corneum.
Generations of Japanese have appreciated the positive effects that sake can have on skin conditions, and studies have shown that concentrated sake suppressed the epidermal barrier disruption caused by ultraviolet B (UVB) irradiation. We investigated the effect of a topical application of a sake concentrate on the murine epidermis and found that the intercellular lipid content in an aged epidermis was significantly increased. Furthermore, the topical application of ethyl -D-glucoside (-EG), a component of sake, brought about a similar improvement in the levels of intercellular lipids. Following on from this, we confirmed that -EG also significantly increased the content of loricrin protein, an indicator of successful corneocyte differentiation, while reducing the number of corneocyte layers in the aged stratum corneum. These results confirmed -EG as the primary active component of the sake concentrate that had a positive effect on the epidermis. -EG increased the intercellular lipid content, accelerated the differentiation of corneocytes, and reduced the thickness, thus improving the functions of the stratum corneum.
Key words: sake concentrate; ethyl -D-glucoside; intercellular lipid; barrier function; cornification Sake, also known as Japanese rice wine, has played a central role in the life and culture of Japanese people for at least two thousand years. It is a brewed alcoholic beverage, although the brewing process is more complex than that employed for other alcoholic beverages. Sake brewing begins with the introduction of koji, microbes that are similar to those used in blue cheese production. These digest the rice starch into glucose in a process known as saccharification. Thereafter, sake yeast is added and fermentation begins. This process (sake moromi), in which saccharification and fermentation take place in the same vat at the same time, is called multiple parallel fermentation, which is a unique feature of sake brewing that distinguishes it from other brewing processes. Reports show the major constituents of sake, in addition to water and ethanol, to be D-glucose, ethyl -D-glucoside (-EG), glycerol, organic acids and amino acids.
1) -EG is thought to account for sake's distinct taste. 2) According to some reports, sake has a vasodilating action, and certain amino acids that have been isolated from sake have been shown to be the active substances. [3] [4] [5] Generations of Japanese have appreciated the positive effects of sake in combating a variety of skin condition, and women who live in the northern region of Japan, where high levels of sake consumption are common, tend to have a smooth complexion.
Hirotsune et al. 6) have reported that the oral ingestion of a sake concentrate or its active components, -EG and organic acids, had a positive effect on the skin. Ingested -EG is not hydrolyzed completely in the small intestine, as most is absorbed into the blood stream in an intact form through the wall of the small intestine with the help of the sodium-dependent glucose transporter, SGLT 1. 7) Following its absorption, -EG is hydrolyzed in the kidneys to some extent and finally excreted in the urine. 8) The stratum corneum (SC) is the end product of terminal differentiation of the epidermis. It plays an important role in protecting and maintaining the appearance of the skin. It is maintained at the basal surface through the orderly addition of new corneocytes with their external complement of lamellar membranes and, at the outermost surface, via desquamation. The stratum corneum comprises corneocytes and intercellular lipids with a lamellar structure. 9, 10) Intercellular lipids are mainly composed of cholesterol, ceramides and free fatty acids (FFA), which are biosynthesized in the epidermis 11, 12) and act as the epidermal barrier function of the skin to prevent foreign matter from entering and to retain moisture.
The Japanese have used sake as a skin care lotion since ancient times and there is some evidence to support its beneficial effects. In a previous study, Kitamura et al. 13) have demonstrated that topical application of a sake concentrate suppressed the disruption of the y To whom correspondence should be addressed. Fax: +81-58-293-2840; E-mail: hayakawa@gifu-u.ac.jp Abbreviations: -EG, ethyl -D-glucoside; SC, stratum corneum epidermal barrier caused by ultraviolet B (UVB) irradiation. In vitro examination in the same study showed that -EG suppressed barrier disruption by enhancing keratinocyte proliferation and differentiation. 13) However, there is only fragmentary knowledge about how a topical application of sake or -EG would affect the skin.
We investigated in the present study the effects of a topical application of a sake concentrate and -EG on the murine epidermis. The objective was to confirm -EG as the main active component of the sake concentrate that had a beneficial effect on the skin.
Materials and Methods
Animals and materials. Male hairless mice (Hos:HR-1), 5 or 6 wk-old, were purchased from Japan SLC (Shizuoka, Japan) and kept under controlled conditions (ambient temperature, 22 AE 1 C; relative humidity, 55 AE 10%; light conditions, 12-h light/dark cycle). The mice were fed commercial pellets (CE-2, Clea Japan, Tokyo, Japan) and water ad libitum, and used at 9 and 60 wk of age. This strain of mice develops chronologic aging without significant tumor development, and those bearing tumors were excluded from the present study. Animal husbandry procedures were performed in accordance with the Guidelines for Animal Experimentation (Japanese Association for Laboratory Animal Science, 1987), and all animal experiments were approved by the ethical committee of the Faculty of Applied Biological Sciences in Gifu University.
A concentrate of sake (200 g) was prepared from 4000 ml of commercial source Mechakara (Ozeki, Nishinomiya, Japan) under reduced pressure, after which it was treated with -glucosidase and passed through ion-exchange resin to remove D-glucose. The concentrate contained 10.3% of -EG, 4.7% of glycerol, 0.68% of organic acids and 0.35% of amino acids. -EG was isolated from the sake concentrate by silica gel column chromatography by eluting with chloroform: methanol (7:1, v/v; purity > 99%).
Isopropanol, chloroform, methanol, acetic acid, benzene, hexane, and sodium dodecyl sulfate were purchased from Wako Pure Chemical Industries (Osaka, Japan). [1- 14 C] acetic acid (5.3 mCi/mmol) was sourced from ICN Biomedicals (Costa Mesa, CA, USA). Kanto Chemical (Tokyo, Japan) provided quantities of ethylenediaminetetraacetic acid (EDTA).
Samples for topical application. The samples of the sake concentrate and -EG for topical use were dissolved in the vehicle (50% ethanol, v/v), the vehicle alone being used as the control. The sake concentrate samples were prepared by dissolving them in the vehicle to achieve a concentration of 10% (v/v), while the -EG samples were prepared in a similar way but achieving a 1% (w/v) concentration, which is equivalent to that of the sake concentrate sample (10%, v/v). One hundred ml of each sample was applied separately on to the dorsal surface of the mice once a day, 5 times a week, for 4 wk. The mice skin samples used in the subsequent analyses were obtained after sacrificing the animals by cervical dislocation.
Intercellular lipid content in SC. Full-thickness skin samples (8 mm) were obtained from the mice, and the subcutaneous fat was scraped off. The skin samples were then split by heat at 60 C for 30 sec to remove the intact epidermis from the dermis. The stratum corneum was isolated by floating the epidermal sheet, basal side downward, on 0.1% trypsin (Sigma, St. Louis, MO, USA) in phosphate-buffered saline (PBS) at 37 C for 4 h. The sheets were then washed 3 times with PBS. Thereafter, the lipids in the SC were extracted by using the method documented by Bligh and Dyer, 14) dried, and stored at À80
C until an analysis was conducted. The lipids were fractionated and quantified by means of high-performance thin-layer chromatography (HPTLC). They then underwent charring and scanning densitometry, before eventually being dissolved in chloroform: methanol (2:1, v/v) and spotted on to HPTLC plates (Merck, Darmstadt, Germany).
The development process differed according to the type of lipid under analysis. To evaluate the ceramide content, the plates were developed initially to 50 mm in chloroform Following this development, the plates were dipped in a charring solution (distilled water containing 10% (w/v) copper sulfate and 8% (w/v) phosphoric acid), briefly drained, and then dried for 15 min at room temperature. The plates were next transferred to an oven heated at 180 C for 15 min. After cooling to room temperature, the plates were immediately scanned and quantified with a densitometer (CS9300, Shimadzu, Kyoto, Japan). The lipid contents are expressed as mg per unit area (1 cm 2 ) of the SC layer (mean AE SEM).
Lipid biosynthesis in the skin organ cultured epidermis. Full-thickness skin samples (8 mm) were obtained from the mice, and the subcutaneous fat was scraped off. Lipid biosynthesis in the epidermis was assessed by measuring the extent to which [1- 14 C] acetic acid had been incorporated into the cultured skin tissue, as described in a previous study.
15 ) The lipid synthetic ability is expressed as the photo-stimulated luminescence value (PSL) per cm 2 skin (mean AE SEM). PSL is a unit of the BAS1500 bio-imaging analyzer system (Fuji Photo Film, Japan).
Western blotting for cornification-related protein (loricrin). Full-thickness skin samples (18 mm) were obtained from the mice, and the subcutaneous fat was scraped off. The skin samples were then split by incubating in a phosphate buffer (pH 7.4), which included 10 mM EDTA, for 45 min at 37 C. The intact epidermis was then removed from the dermis. The resuling epidermal sheets were homogenized with Polytron apparatus (Kinematica, Switzerland) and a supersonic wave breaker (Wakenyaku, Kyoto, Japan). Five micrograms of protein from each extract was electrophoresed, and the loricrin protein content was analyzed by Western blotting. The X-ray film was scanned with a CS9300 densitometer (Shimadzu, Kyoto, Japan). The loricrin content is expressed as the relative value of the band area per cm 2 skin (mean AE SEM).
Number of corneocyte layers in the SC. Full-thickness skin samples (5 Â 5 mm) were obtained from the mice, and perpendicular sections made after freezing. The frozen sections were cut (6 mm) with a cryostat (Bright, Huntingdon, UK). The number of corneocyte layers in the SC was determined according to the method employed by Ya-Xian et al. 16) Data are expressed as the number of cell layers in the SC (mean AE SEM).
Statistical analysis. A statistical analysis was performed by using Dunnett's multiple-comparison test (parametric type), or Student's t-test, as appropriate.
Results
Effect of a topical application of the sake concentrate on the intercellular lipid content of SC We first investigated how the topical application of the sake concentrate affected the intercellular lipid content of SC from young mice, although no conclusive evidence could be drawn from the results. (data not shown). We then conducted the same investigation on aged mice with a deteriorated epidermal function.
Topical application of the sake concentrate to aged murine skin increased the intercellular total lipid content of SC as compared with the vehicle. The effect was significant in the samples that contained the 10% sake concentrate (p < 0:001) (Fig. 1A) . The FFA and ceramide contents of SC were increased by a factor similar to the total lipid content (FFA content, p < 0:05, Fig. 1B ; ceramide content, p < 0:01, Fig. 1C ). The cholesterol content tended to be higher with the 10% dose of the sake concentrate than with vehicle (p < 0:1, Fig. 1D ).
Effect of a topical application of -EG on the intercellular lipid content of SC
We also examined the effect of a topical application of -EG on the intercellular lipid content of SC. -EG is considered to be the active ingredient of the sake concentrate. Since we had demonstrated in the previous study that a 10% sake concentrate resulted in a significant change in the intercellular lipid content of SC, we used a 1% -EG concentration in the vehicle (equivalent to the 10% sake concentrate) to examine the effect of -EG.
Topical application of -EG for 4 wk induced an increase in the intercellular lipid content of SC, the effect on FFA being significant (p < 0:01, Fig. 2 ). Although there was no observable effect after only 2 wk of application (data not shown), the 4-wk result clearly demonstrated the relationship between -EG and the intercellular FFA content of SC.
Effect of a topical application of -EG on epidermal lipid biosynthesis
As -EG improved the intercellular FFA content of SC, we hypothesized that its application would also accelerate lipid biosynthesis in the epidermis. An increase in the intercellular lipid content and lipid biosynthesis would together boost the barrier function of SC. There was no noticeable effect on sphingolipid synthesis following the topical application of -EG at a 1% concentration for 4 wk (Fig. 3B) . However, an acceleration in FFA and cholesterol biosynthesis was observed (p < 0:01, Fig. 3A and C) when compared with the vehicle. No effect was observed after 2 wk of application (data not shown). However, the 4-wk analysis provided clear evidence that -EG increased the intercellular FFA and cholesterol contents of SC.
Effect of -EG on the quantity of protein associated with cornification (loricrin) in the epidermis
Loricrin is a protein in SC that is associated with cornification. We examined the effect of a topical application of -EG on the content of loricrin after wk 2 and wk 4 as compared with wk zero (vehicle). The relative value of the loricrin protein band area per area of epidermis (1 cm 2 ) was increased significantly by the application of -EG at a concentration of 1% for 4 wk (p < 0:05, Fig. 4) .
Effect of -EG on the number of corneocyte layers in SC
We also examined the effect of a topical application of -EG on the number of corneocyte layers in SC.
-EG decreased the number of corneocyte layer sheets, in comparison with the vehicle (p < 0:05, Fig. 5 ).
Discussion
We found that a topical application of the sake concentrate significantly increased the SC lipid content of 60-wk-old mice when compared to the vehicle (Fig. 1) . However, no effect was apparent in young mice (data not shown). Other studies help to explain why an improvement in the lipid content of young mice was not noticed. In a previous study, Haratake et al. 15) have demonstrated that a topical application of mevalonic acid, an intermediate product of cholesterol biosynthesis, enhanced barrier recovery in SC of aged mice. This barrier recovery resulted from an acceleration in cholesterol biosynthesis brought about by two phenomena: the action of mevalonic acid itself, and via an increase in the 3-hydroxy-3-methylglutaryl coenzyme A reductase activity. However, the same study shows that, in young mice, a topical application of mevalonic acid had no effect on SC. The conclusion states that these differences were due to the higher physiological activity of young mice. 15) These results suggest that the barrier recovery effect caused by an acceleration in cholesterol biosynthesis can only be noticed in aged mice with a deteriorated epidermal function. Kitamura et al. have demonstrated that the topical application of a sake concentrate suppressed the epidermal barrier disruption caused by ultraviolet B (UVB) irradiation.
13) The latter results suggest that the barrier recovery effect caused by the application of the sake concentrate could only be noticed in cases of the epidermis having been sufficiently damaged by UVB irradiation first. In a similar way, in the present study, the effect of the sake concentrate application was not apparent in young mice which had a high level of physiological activity and no preexisting damage from UVB irradiation. We therefore continued the experiments with the aged mice. The topical application of the sake concentrate increased the intercellular lipid content of SC (Fig. 1) . The effect of the topical application of -EG was to significantly increase the FFA content of SC (Fig. 2) . In addition, total lipids and other lipid contents (ceramide and cholesterol) of SC showed an increasing trend, although the differences from the vehicle were not Full-thickness skin specimens were obtained from aged mice after the topical application of sake concentrate samples for 4 wk (100 ml of a sample or vehicle applied to a 2.5-cm 2 area of skin). The SC lipids were extracted by the method of Bligh and Dyer, 14) and the total lipid content was measured (mg/cm 2 skin). A portion of the sample was spotted on to HPTLC plates, and the plates were developed. The FFA, ceramide, and cholesterol contents were quantified by a densitometer (mg/cm 2 skin). Each value is shown as the mean AE SEM (n ¼ 7 mice). +, p < 0:1; Ã , p < 0:05; ÃÃ , p < 0:01; ÃÃÃ , p < 0:001 (Student's t-test).
significant (Fig. 2 ). Our results demonstrate that -EG had a similar effect to that of the sake concentrate, although the action of -EG was stronger on the FFA content, and the action of the sake concentrate was stronger on the other lipid contents. We consider that the effect of the sake concentrate on FFA might have involved synergism between -EG and other suppressive components, and that the effect on the other lipids might have involved synergism between -EG and other complementary components. We also consider that -EG had a similar effect on the content of SC lipids to that by the topical application of the sake concentrate. However, the content of FFA by topical application of the vehicle was about two times higher in Fig. 1 as compared to Fig. 2 . The epidermis is one of the tissues in which lipid biosynthesis is active. Free fatty acid is not only one of the important intercellular lipids, but is also a material for the biosynthesis of other lipids, for example ceramides and triglycerides. Although we have to continue the research further, we consider that the state of biosynthesis of lipids in the epidermis might have caused the difference in the content of FFA. On the other hand, -EG and the sake concentrate had a similar effect on the biosynthesis of the SC lipids (Fig. 3 ).
These results demonstrate that -EG had some effect on the content and biosynthesis of SC lipids in epidermis. Haratake et al. have reported that a topical application of mevalonic acid increased the intercellular cholesterol content of SC and enhanced barrier recovery in aged mice. 15) Similarly, Tanno et al. have reported that a topical application of nicotinamide increased the intercellular lipid content of SC, with a particular improvement in the level of ceramide, and decreased the transepidermal water loss (TEWL) in dry human skin. 17) These results support the hypothesis that a topical application of an ingredient that would increase the intercellular lipid content will enhance barrier recovery and strengthen the barrier function. The main intercellular lipids are cholesterol, ceramide and FFA, and these are all biosynthesized in the epidermis. 11, 12) All three of these lipids play an important role in maintaining the barrier function of the skin. There have been many studies that confirmed the role of ceramides and FFAs in the barrier function of the skin, although some studies have also demonstrated the importance of cholesterol. [18] [19] [20] [21] [22] [23] [24] [25] [26] We concluded that the topical application of -EG, the primary active component in the sake concentrate, increased the intercellular lipid contents of SC, thus strengthening the barrier function of the epidermis.
In the present study, a topical application of -EG for 4 wk significantly increased the content of loricrin protein in SC of aged mice when compared with the results for the vehicle (Fig. 4) . Similarly, a topical application of -EG increased the content of intercellular lipids in SC (Fig. 2) . On the other hand, the number of corneocyte layers in SC was significantly less than that with the vehicle (Fig. 5) . However, it is known that the number of corneocyte layers in SC actually increases with aging and that, when SC and its functions are strengthened, the number of corneocyte layers decreases, thus reducing the SC thickness. 27) In addition, Kitamura et al. have reported that an application of -EG accelerated the formation of the cornified envelope and increased the keratin K1 composition, an indicator of successful differentiation, in cultured keratinocytes. 13) Our results therefore show that -EG accelerated cornification and increased the level of epidermal lipid content, thus improving the SC functions and reducing thickness. It is considered from these results that the topical application of -EG maintained the conditions of aged SC like those of young SC. Additional studies are needed to elucidate the detailed mechanism associated with this effect.
The -glucosidase activity in skin is lower than that of -glucosidase. 28, 29) It is also true that orally ingested -EG is absorbed through the intestinal wall in an intact form via the glucose transporter, and that most is drained Epidermal sheets (18 mm) were obtained from aged mice after topical application of the -EG samples for zero (vehicle), 2, and 4 wk (100 ml of the sample or vehicle applied to a 2.5-cm 2 area of skin). Five micrograms of protein from each extract were electrophoresed and analyzed by Western blotting. The X-ray film was scanned with a densitometer. Each value is expressed as the relative value of the band area per cm 2 of skin, data being presented as the mean AE SEM (vehicle: n ¼ 7 mice; weeks 2 and 4: n ¼ 8 mice).
Ã , p < 0:05 (vs vehicle, Dunnett's multiple-comparison test, parametric type). Full-thickness skin specimens were obtained from aged mice after topical application of the samples for 4 wk (100 ml of the sample or vehicle applied to a 2.5-cm 2 area of skin). Lipid biosynthesis in the epidermis was assessed by measuring the extent to which [1- 14 C] acetic acid had been incorporated into the cultured skin tissue. Each value represents the activity of 14 C incorporation in the lipids from acetic acid (PSL/cm 2 of skin). PSL (photo-stimulated luminescence value) is a unit of the BAS1500 bio-imaging analyzer system (Fuji Photo Film, Japan). Each value is shown as the mean AE SEM (n ¼ 8 mice).
ÃÃ , p < 0:01 (Student's t-test).
into the urinary flow without alteration. 7) Together, these results show that it would be difficult for -EG to accept the action of -glucosidase in the body. -EG that is applied to the skin directly would arrive at the stratum of the basal epidermis and granular layer without change. It is at these locations that -EG is considered to act. We can conclude from this that certain metabolites of -EG are not active ingredients of the sake concentrate, and that -EG must be in its intact form in order for the skin to show beneficial results.
In conclusion, our study has confirmed that -EG was the primary active component of the sake concentrate that had a positive effect on the epidermis. -EG increased the intercellular lipid content, accelerated the differentiation of corneocytes, and reduced the thickness, thus improving the functions of SC. However, further studies are needed to elucidate the detailed effect of the sake concentrate because it contains other minor components in addition to -EG. Full-thickness skin specimens were obtained from aged mice after topical application of the samples for 4 wk (100 ml of the sample or vehicle applied to a 2.5-cm 2 area of skin). Frozen sections (6 mm) were cut with a cryostat. The number of cell layers in SC was determined according to the method of Ya-Xian et al. 15) Each value is expressed as the number of cell layers in SC. Data are shown as the mean AE SEM (vehicle: n ¼ 9 mice; -EG: n ¼ 7 mice).
Ã , p < 0:05 (Student's t-test).
